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infections in intensive care patients. Subsequently, Bcc has joined this list because of its multi-drug resistance and easy transmissibility between patients in ICUs. [4, [9] [10] [11] Hospital outbreaks due to healthcare-associated infections are a disaster to the hospitals as well as the patients, resulting in prolonged stay, increased medical expenditure, increased morbidity and mortality. Point source for many of the outbreaks are unidentified or unproven, thus not reported. [12] Although contaminated ultrasound gel has been reported as a source for many documented hospital outbreaks, its role as a source of healthcare-associated infection is often overlooked. [13] In this study, we describe our experience on investigation and the management of Bcc bactereamia outbreak due to contaminated ultrasound gel in the paediatric ICU (PICU).
MaterialS and MethOdS
Over a 10-day period in October 2016, Bcc was isolated from blood cultures of seven children with signs and symptoms suggestive of septicaemia in the PICU of a 2400-bed tertiary care centre in Tamil Nadu, South India.
BacTAlert automated blood culture system was used for blood culture. Bcc was identified by conventional phenotypic methods. Antimicrobial susceptibility was done by the Kirby-Bauer disk diffusion method and interpreted by the Clinical Laboratory Standard Institute 2016 guidelines.
An outbreak alert was sent from the Department of Clinical Microbiology to the PICU and the Hospital Infection Control Committee (HICC) following isolation of Bcc with a similar antimicrobial susceptible profile from three children. This alert was sent three days after the first isolate was reported. Over the next six days, Bcc was isolated from four more blood cultures from the PICU. PICU and HICC teams carried out epidemiological and environmental surveillance to find out the possible source of the outbreak. Possible sources that were investigated included surface samples from ventilators, patient cots, electrocardiogram monitors, computers and ultrasound scan machines. Open intravenous (IV) fluids, humidifier solutions, ventilator solutions, parenteral drugs from the bedsides of affected children and in-use ultrasound gel were also tested for sterility based on literature review. Environmental swabs were inoculated into a set of blood agar and thioglycollate broth and fluids into a set of nutrient broth and thioglycollate broth. Hand impression cultures of health-care workers were taken in blood agar.
Affected children were cohorted with strict contact isolation precautions. Stringent infection control measures, including hand hygiene were re-emphasised and thorough environmental cleaning and disinfection were done. Hand hygiene sessions and training were conducted in the PICU, followed by a hand hygiene audit to assess the impact of training.
Multi-locus sequence typing
Multi-locus sequence typing (MLST) for Bcc was performed using the primers and cycling condition as previously described in the PubMLST database (https://pubmlst.org/bcc/). [14] Briefly, genomic DNA was extracted using a QIAmp DNA mini kit (Qiagen, Germany) from the pure colonies and subjected to polymerase chain reaction amplification of the seven housekeeping gene targets (atpD, gltB, gyrB, recA, lepA, phaC, trpB). Sequencing was performed using a 3500 Genetic Analyser (Applied Biosystems, USA). Allele sequences were analysed using PubMLST databases, and the new profile type was submitted in PubMLST to receive novel sequence type (ST) number. In addition, the global eBURST (goeBURST) analysis was performed to analyse the relationship of observed STs using PHYLOViZ 2.0 software (Lisbon, Portugal). [15] reSultS All seven affected children had positive blood cultures and elevated C-reactive protein. Antimicrobial susceptibility pattern of Bcc isolates during the outbreak showed 100% susceptibility to cefoperazone/sulbactam, piperacillin/tazobactam, levofloxacin and 85.7% susceptibility to cefepime, ceftazidime and meropenem. All the study isolates were resistant to colistin, amikacin, netilmicin, tobramycin and aztreonam.
Bcc was isolated from two in-use ultrasound gel containers and three open IV fluid bottles. Antimicrobial susceptibility pattern of these isolates was identical to the patients' isolates. None of the other environmental surface samples, unopened IV fluids or ultrasound gel from unopened containers grew Bcc. However, NFGNB other than Bcc were isolated from many places and health-care workers' hand impression cultures.
Typing of the Bcc was performed using MLST method in seven isolates (four from patients and three from environmental sampling (including two ultrasound gel isolates). It was found that all tested isolates were belonging to the same novel ST, i.e., ST 1362 [ Table 1 ]. Further, goeBURST analysis was performed to see the relationship of ST1362 to the existing STs [ Figure 1 ]. The goeBURST revealed the single-locus variation (2 single-nucleotide polymorphisms [SNPs]), double-locus variation (2 SNPs) and triple-locus variation (3 SNPs) related STs to be ST517, ST820, and ST755, respectively [ Table 1 ].
diScuSSiOn
Hospital outbreaks are observed increasingly worldwide and are a challenge to the treating physician. Cross-transmission is the main mode of dissemination and transmission control is challenging even with patient cohorting, contact isolation and adhering to strict hand hygiene practices. The source of this outbreak of Bcc bactereamia in PICU may be multifactorial, including the breach in infection control practices such as hand hygiene, contact isolation, inadequate space between beds and also extrinsic contamination of ultrasound gel containers used in the PICU. This was confirmed by the isolation of Bcc from in-use ultrasound gels and NFGNB other than Bcc from health-care workers' hand impression cultures and several environmental surfaces, as well as the absence of Bcc in unopened ultrasound gel containers. Bcc can hydrolyse the stabilisers (p-hydroxybenzoic acid esters) added to ultrasound gels, thus promoting its survival and multiplication in these gels. [16] Reported studies of hospital outbreaks due to contaminated ultrasound gel are summarised in Table 2 . Other reports of Bcc contamination have included intrinsic contamination of IV medications such as the antiemetic drug granisetron [6] and the anti-apnoeic drug caffeine citrate [5] or extrinsic contamination of IV fluids, [4] nebuliser solutions, [7] rubber stoppers of multidose amikacin vials [25] and lipid emulsion stoppers. [26] The affected children in this study had been admitted for congenital heart disease with acute respiratory distress syndrome (ARDS) (n = 3), bronchopneumonia (n = 1), dengue shock syndrome (n = 1), lymphangioma of jejunal mesentery (n = 1) and severe gastro-oesophageal reflux disease with recurrent lower respiratory tract infection (n = 1). It was noted that all the affected children had peripheral vascular lines, and three children were intubated for ARDS. All of them were treated with ceftazidime and meropenem or levofloxacin as per the susceptibility profile of the isolates. Two out of three children who succumbed to the infection had congenital heart disease and other child had dengue shock syndrome. Four children recovered and had no infection-related sequelae at discharge.
MLST confirmed that all the isolates belonged to a novel ST 1362. The isolates were closely related to the previously existing STs with only few SNP variants. This suggests that though Bcc is continuously evolving, this outbreak was due to ST1362, which is closely related to previous STs with a low SNP number variation. The goeBURST further confirms the outbreak due to a single clone, as all isolates belonged to the same clonal complex (CC517). This outbreak was controlled by the timely alert given by the Departments of Clinical Microbiology and HICC and the swift action taken by PICU team in cohorting infected children, active cOncluSiOn This outbreak report highlights the important role of the Clinical Microbiology laboratory for early identification of an outbreak, the need for robust environmental and epidemiological surveillance methods to identify the source and the prompt response of the PICU and infection control teams in instituting stringent infection control measures to control the outbreak. Contaminated ultrasound gel can be a potential source for healthcare-associated infection in any health-care setup which cannot be overlooked.
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